Calfchymosin was shown to catalyse peptide synthesis optimally over the range pH 4-5, giving satisfactory yields ofmethyl esters or p-nitroanilides of benzyloxycarbonyl tetra-to hexa-peptides, provided that hydrophobic amino-acid residues form the new peptide bonds. The effectiveness of the enzyme depends also on the nature of adjacent amino-acid residues. As an aspartate-proteinase with a characteristic specificity pattern chymosin would be useful for the synthesis of middlelength peptides.
INTRODUCTION
Pepsin, a typical aspartate proteinase, has been applied as a catalyst of peptide-bond formation [1, 2] . Presumably, another aspartate-proteinase, the milk-clotting enzyme calf chymosin (EC 3.4.23.4), might be used also for the same purpose. Chymosin, being homologous to pepsin, differs from the latter by the pH optimum of its activity; this is shifted towards pH 4, i.e. nearer to neutral pH range, and so is particularly favourable for peptide-bond formation.
Characteristic features of chymosin specificity [3] [4] [5] [6] are especially relevant for its synthetic application. Chymosin cleaves, in its natural substrate K-casein, the peptide bond Phe-Met within the sequence -Leu-Ser-Phe-Met-Ala-Ile-Pro- [7] . The enzyme is very sensitive to the length of the peptide to be split; pentapeptides are the shortest substrates hydrolysed by this enzyme, and hexapeptide esters are substantially better substrates for chymosin than the pentapeptide derivatives [8] . All amino acids referred to in this paper belong to the L-series. Amino-acid residues in the peptide substrates of chymosin are designated as suggested by Schechter & Berger [9] . The same approach was used for the residues in peptide components reacting in the presence of chymosin. Hence, the residue that gives its carboxyl group to form a peptide bond in the course of peptide synthesis is termed P1, the preceding one P2; the residue that gives its amino group is termed P', the following one P', etc. For hydrolysis, the substrate should contain hydrophobic residues at P1 and P' as well as at P and P3 positions. The introduction of chymosin as a catalyst for peptide synthesis appears to be rather promising, although I failed to find any references in the literature to its application in peptide synthesis. Hence, this paper is devoted to the assessment of calf chymosin as a catalyst for peptide-bond formation.
EXPERIMENTAL

Materials and methods
Chymosin used throughout this work was isolated from a crude rennet preparation by ion-exchange chromatography on aminosilochrom C-80 [10] . The absence of contamination by bovine pepsin was confirmed by PAGE with subsequent development by the 'caseogrammn' procedure [11] . Activity of the enzyme was tested by milk-clotting [12] and haemoglobin hydrolysis [13] . A standard chymosin solution in 0.5 M-acetate buffer, pH 5.3 (10 mg/ml) was prepared, which, after 10 
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Z-Ala-Ala-Leu-1-Phe-Ala-Ala-OCH3 Z-Ala-Ala-Leu-4-Leu-Ala-Ala-OCH3 24 h at 37°C the precipitate was collected by centrifugation, and subsequently washed with 3 % (w/v) NaHCO3 (4 x 1 ml), 1 Other peptide p-nitroanilides (Table 2) were prepared using the same procedure.
Dependence of the yield of hexapeptide derivatives on pH Aliquots (140 1ul) of 0.5 M-citrate buffer, at various pH values: 3.0, 4.0, 5.0, 5.6, and 6.0 were added to a solution of 4.4 mg (10 ,umol) of Z-Ala-Ala-Phe-OH and 3.6 mg (10 ,tmol) of H-PheAla-Ala-OCH3/HCl in 40 ,ul of DMF and 10,1 of 1 Mtriethylamine solution in DMF followed by 10 ,ul of chymosin (0.1 mg) (enzyme/substrate ratio of 1: 3600) in 0.5 M-citrate buffer (pH 4.7). The mixtures were kept at 37°C for 1 h with continual shaking, then 5 ,1 of triethylamine were added to stop the reaction. Dimethyl sulphoxide (DMSO) (500 ,ll) was added to the suspension to dissolve the precipitate, a 10-1, aliquot was diluted with 200 ,ul of methanol and this solution was applied to an h.p.l.c. column to assess the product content in the reaction mixture (Fig. 1) . No reaction was observed at pH 2. This was established by addition of concentrated HCOOH to a 0.5 Msolution under pH-meter control.
RESULTS AND DISCUSSION
To verify the possibility of chymosin-catalysed peptide-bond formation we decided to study its effectiveness in the condensation of two protected tripeptides, Z-Ala-Ala-Phe-OH and Z-Ala-Ala-Leu-OH, with methyl esters and p-nitroanilides of several tri-, di-peptides and amino acids. These reactions were performed with equimolar quantities of both components at pH 5.3 in the presence of 20 % (v/v) DMF which was added to keep the reagents in solution. The molar ratio of enzyme to starting compounds corresponded to 1: 1800.
Chymosin turned out to be a rather effective catalyst for peptide synthesis. Protected hexapeptides like Z-Ala-Ala-PhePhe-Ala-Ala-OCH3 (Table 1) have been obtained with fairly good yields as a rule, similar to those reached in the presence of swine pepsin (results not shown). These results are consistent with the known data on chymosin hydrolysis of middle-length peptides, characterized by preferential splitting of the peptide bonds that join two hydrophobic residues. Although the final yields of the peptides obtained by Phe-Phe and Phe-Leu bond formation were similar, the rates of the synthesis were different, e.g., after the initial 45 min a yield of approx. 50 % of Z-Ala-AlaPhe-Phe-Ala-Ala-OCH3 was attained, whereas a yield of only 20 % of Z-Ala-Ala-Phe-Leu-Ala-Ala-OCH3 was .achieved.
The pentapeptide derivative was obtained with only moderate yield. Characteristically, the introduction of glycine instead of alanine residues at P' and P'3 positions (when H-Leu-Gly-Gly-OCH3 was used as an amino component) resulted in a very sharp decrease in the yield, thus confirming the enzyme's sensitivity to the amino-acid residues flanking the bond to be formed or hydrolysed. Our attempts to condense Z-Ala-Ala-Phe-OH with methionine methyl ester failed, although the Phe-Met bond is known to be cleaved by chymosin in its natural protein substrate. Obviously, methionine methyl ester, being devoid of an amido Calf chymosin as a catalyst of peptide synthesis Z-Ala-Ala-Phe-Phe-Ala-Ala-OCH3
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Z-Ala-Ala-Phe-Leu-NH-Ph-NO2 [14] , chymosin failed to hydrolyse Phe-Met peptide bonds in short peptide derivatives. p-Nitroanilides of leucine and peptides with N-terminal leucine residues reacted with N-terminal protected tripeptides in the presence of chymosin to give satisfactory yields of peptide pnitroanilides, whereas the derivatives of peptides with N-terminal alanine residues were hardly acceptable as amino components in chymosin-catalysed condensations (Table 2) . Chymosin, in contrast to pepsin, does not co-precipitate with the peptide formed in the course of reaction. The latter phenomenon markedly hinders the control of pepsin-catalysed synthesis [15] . Formation of protected hexapeptide esters, catalysed by chymosin, proceeds optimally at pH 4-5 ( Fig. 1) , which corresponds fairly well to pH optima observed for peptide hydrolysis by chymosin of pH 3.7-4.2 [16] , and pH 3.8 [17] , whereas pepsin as a rule catalyses synthetic reactions at pH values further from its pH optimum for peptide-bond hydrolysis. Obviously, chymosin is suitable as a catalyst for peptide synthesis (Table 3) , thus enriching the palette of proteinases available to this end.
